. Linear regression models of BMI which included acculturation, income, education, and other covariates were carried out. Income and education were not associated consistently with BMI. Acculturation, but only among Mexican Americans, was associated with BMI. Speci®cally, greater preference for English was associated with reduced BMI among women (P`0.01). Also, men and women of the second (P`0.001 in both sexes) and third (P`0.01 in men and P`0.001 in women) generation had greater BMIs. Relative to the ®rst generation, the increase in BMI units was 1.1560.34 in men and 1.7660.39 in women in the second generation and 0.8360.31 in men and 1.8360.37 in women of the third generation. CONCLUSIONS: BMI was not associated with SES, an unexpected ®nding since the relationship is generally negative in women from developed countries. The relationship between BMI and acculturation was weak and conditional. BMI in Mexican Americans appeared to be somewhat more sensitive to the process of acculturation than among Cubans or Puerto Ricans.
Introduction
Comparison of Mexican Americans in the Hispanic Health and Nutrition Examination Survey 1982±84 (HHANES) and the Third National Health and Nutrition Examination Survey 1988±91 (NHANES III) revealed a high prevalence of overweight among Mexican Americans, and an increase in the prevalence of overweight over the last six years for both men (30.9 vs 39.1%) and women (41.5 vs 48.1%).
1 While many physical factors determine body weight, Stunkard states that`Social factors must be considered as among the most important, if not the most important, in¯uence upon the prevalence of obesity today'. 2 Two of the most prominent social in¯uences on body weight are culture and socioeconomic status (SES). 3 This investigation examines the relationships among acculturation, SES, and relative body weight.
Cultural patterns and beliefs have been found to play an important role in determining body weight and in particular, human obesity 4±6 . Migration to other cultures may bring new values about body weight which are assimilated to varying degrees as migrants become`acculturated' 7±10 . Localized studies of US Hispanics suggest that those who are more acculturated are heavier than those less acculturated 11±13 , but this relationship has not been examined extensively. Studies are needed which use representative samples of different Hispanic groups and appropriate indicators of acculturation such as language preference and duration of exposure to US culture.
Socioeconomic status is the rank or position of an individual in society, and is often measured by education and income. A review of over 140 studies of SES and overweight found that higher SES men and women are fatter in poor societies, whereas in rich societies, higher SES women are thinner irrespective of race or ethnicity. 14 The relationship between overweight and SES is less consistent among men in wealthier societies; however, in Caucasian men living in Europe, Australia, and the US a negative relationship between overweight and SES (most often indicated by educational level) has been observed.
Whether acculturation in¯uences body weight independently of SES is an issue which remains unclear.
Consequently, this investigation focuses on modeling the interrelationships among acculturation, SES, and obesity in three US Hispanic groups: Mexicans, Cubans, and Puerto Ricans.
Methods

Sample
The HHANES survey, conducted during 1982±84 by the National Center for Health Statistics (NCHS), was directed at the three largest Hispanic subgroups in the US: Puerto Ricans from the New York City area, Cubans from Dade County, Florida, and Mexicans from ®ve southwestern states. HHANES used a complex, multistage, strati®ed, cluster sample that purposively oversampled Hispanics. Details of the sampling design are available from the NCHS 15 If any household member was identi®ed as`Hispanic', all household members, regardless of origin, were eligible for inclusion in the survey. For the present analyses individuals other than Hispanic in origin and pregnant/lactating women were excluded, omitting 587 (10.2%) potential respondents. There was no systematic difference in BMI or other variables of interest between subjects excluded and retained. The sample selected for analysis consisted of 5180 adults 18±74 y of age: 3141 Mexican Americans (1418 men, 1723 women), 828 Cuban Americans (377 men, 451 women), and 1211 Puerto Ricans (64 men, 747 women).
Measures
Body mass index (BMI), the dependent variable, was calculated as weight in kilograms divided by height in meters squared. BMI was chosen as the measure of overweight and obesity for two reasons: (1) analysis of the relationship between BMI and sum of triceps and subscapular skinfolds, a more direct measure of body fatness, were highly correlated (r 0.70±0.80) irrespective of ethnicity or gender and (2) BMI allows for comparison with other epidemiologic studies of overweight and obesity as suggested by Micozzi et al.
16
. BMI was classi®ed as overweight and obese using the 85th and 95th percentiles, respectively, of the NCHS reference values 17 as well as in accordance to the World Health Organization (WHO) recommendations for Grade II and III obesity. 18 Two indicators of acculturation were used: generations the respondent's family had lived in the United States (a time-based variable of cultural exposure), and language preference of the respondent (a current cultural practice). These indicators have been used by other studies based on HHANES data to study the relationship between acculturation and health. 19 Regression models that included language preference and generation were similar to models using the HHANES acculturation score, computed by NCHS for only Mexican Americans. Thus, the use of language preference and generation was deemed appropriate.
Language preference was a self reported ®ve point ordinal variable (Spanish only, Spanish mostly, both Spanish and English equally, English mostly, and English only). The generation variable had three groups. Respondents who were born in Mexico, Cuba or Puerto Rico were classi®ed as ®rst generation. Respondents who were born in the US and had one or both parents born abroad were classi®ed as second generation. Respondents who themselves as well as their parents were native born were considered third generation. Generation was examined as two dummy variables relative to ®rst generation individuals (0 1st generation, 1 2nd or 3rd generation). All models excluded second and third generation Cuban Americans and third generation Puerto Ricans due to limited sample sizes in these groups.
The respondent's years of education completed and poverty index ratio (PIR) were used as measures of SES. The poverty index in HHANES was generated by the NCHS and is a continuous variable based on income, estimates of living costs appropriate for area of residence and date of measurement, and family composition. A poverty index of 1.0 or greater implies that the family should be able to meet its basic needs. Two other measures of income were available, per capita income and household income, and both had similar relationships with BMI compared to PIR. Income and education represent different aspects of SES, which may vary in the way they in¯uence body weight (income through resources and education through knowledge) 20 Therefore both were included. The risk of multicolinearity was low (namely the correlation between education and PIR was generally less than r 0.35).
Control variables included demographic measures related to both BMI and SES: age, marital status, and employment status. Marital status was assessed by a dummy variable (married 0 and unmarried 1). Unmarried included divorced, separated, widowed or never married individuals. Employment status was also assessed by a dummy variable (employed 0 and unemployed 1). The covariates in the regression models were centered at the following levels for interpretability, 21 age at 40 y, PIR at 2.0, and education at 8 y.
Statistical analysis
In accordance with recommendations given by NCHS, 15 analyses were conducted separately for the three ethnic samples of the survey. Descriptive analysis of demographics, SES, acculturation, and BMI variables as well as preliminary multiple regressions were performed using SAS Release 6.10, SAS Institute Inc., Cary, North Carolina. The sample weight assigned to each individual by the NCHS was transformed to be proportionally representative for the ®nal analytical sample and was employed in all statistical procedures performed using SAS. Final estimations of variance and multivariate regressions were then analyzed using SUDAAN, Research Triangle Park, North Carolina for complex sample surveys. The possibility that SUDAAN produces unstable variance estimates and test results has been discussed previously, 22 therefore ®nal SUDAAN results were compared to preliminary results generated by SAS and found to be similar. A probability of P # 0.05 was considered statistically signi®cant.
After examining descriptive data by gender and ethnic group, a sequence of linear regression models were examined. Models included demographic controls and SES and acculturation indicators, including quadratic forms. Interaction terms between acculturation indicators as well as between SES and acculturation indicators were also examined to explore the effect of acculturation within different levels of SES.
Results
Sample demographic characteristics
Descriptive statistics are given in Table 1 . Average BMI was similar for these Hispanic groups. Using NCHS reference values over thirty percent of Hispanic men were classi®ed as overweight and about 10% were classi®ed as obese. Similarly, forty percent of Hispanic women were overweight and approximately 14% were obese. Based on the WHO classi®cation of Grade II and III obesity, 12% and 20% of men and women, respectively, are obese. Cuban Americans were 6±7 y older than other groups, and Mexican Americans were slightly less educated. Mexican American men were less frequently employed at the time of the interview compared to the other men, and Puerto Rican women were less often employed compared to the other women. Approximately two thirds of Hispanics were married, with the exception of Puerto Rican women among whom 41% were married.
Nearly the entire sample (96%) of Cuban Americans were ®rst generation residents compared to 72% of Puerto Ricans and 37% of Mexican Americans (Table 1) . Examining ®rst generation respondents, Cuban Americans had higher levels of education and income than Mexican Americans and Puerto Ricans. However, income was not highly variable in these Hispanic groups. The vast majority of households reported less than $30,000 annually.
Socioeconomic status and acculturation in relation to body mass index Regression models of BMI as a function of SES and acculturation are presented in Table 2 . Prior to selecting the best ®tting model for each ethnic/gender group, variations of our acculturation and SES indicators were examined by including linear, quadratic, and interaction terms. Interaction terms between SES and acculturation measures did not reveal any signi®cant relationships with BMI for any group.
BMI had a consistent positive curvilinear association with age in all groups. Being employed was associated with an additional 1.2 BMI units in Mexican American women; in other groups, the relationship was not statistically signi®cant. There was a strong tendency for unmarried Hispanics to have a lower BMI but this relationship was signi®cant only in three groups; Mexican American men, Puerto Rican men, and Cuban American women. Neither PIR or education was consistently associated with BMI. On the other hand, some relationships with acculturation indicators were observed. Generation was signi®-cantly associated with BMI in Mexican Americans, but not in Puerto Ricans. BMI was greater for second c The poverty index in HHANES was generated by the NCHS and is a continuous variable based on income, estimates of living costs appropriate for area of residence and date of measurement, and family composition. A poverty index of 1.0 or greater implies that the family should be able to meet its basic needs.
and third generation relative to ®rst generation men and women. Increasing preference for English language was associated with a decrease of 0.56 BMI units in Mexican American women; no signi®cant relationships were observed in other groups. Adding to the complexity of the relationships between BMI and acculturation, there were signi®cant interactions between generation and language preference in Mexican Americans.
Given the interactions observed in Mexican Americans, the independent relationship of language preference with BMI for each generation was then examined further for Mexican Americans and is presented in Table 3 . In Mexican American men language preference had a curvilinear relationship with BMI, but the direction was not consistent for all three generations. Lower BMI was signi®cantly associated with increasing English preference in third generation men, whereas a tendency for greater BMI was associated with increasing Spanish preference in ®rst and second. In women, the direction of the relationships were similar to that observed in men, but the strength of the relationship was statistically signi®cant in ®rst and second generation and not in third. Furthermore, the positive relationship of BMI with employment was evident in all three generations of women and the previous negative relationship of BMI with marriage in men was found to be primarily evident in second and third generation men.
Discussion
These analyses of large samples of three Hispanic ethnic groups found that two conventional socioeconomic indicators, income and education, were not consistent or strong predictors of BMI. In their countries of origin, one would have expected the poor and less educated to be leaner than the rich and in the US, their adopted country, the reverse would be expected. In fact, income and education were not strongly associated with BMI for either gender in any of the ethnic groups. By comparison, the San Antonio Heart Study of a community-based sample in Texas, Stern et al 23 found that BMI was negatively associated with SES in Mexican American women, but not men. And an earlier analysis of BMI and SES using HHANES found a weak positive association of BMI with poverty index when obese subjects (95 percentile of NHANES II reference values) were compared to the non-obese using logistic regression. 13 In sum, this and other studies indicate that the in¯uences of earned (income) and attained (education) social status on BMI in US Hispanics is weak. One possible explanation for the lack of a stronger relationship between income and BMI may be the limited income distribution in this population. As noted earlier, the vast majority of Hispanic households' income was less than $30,000 annually. Another explanation may be the inherent dif®culties in the measurement of socioeconomic variables, particularly in multicultural or multilinguistic comparisons. 24±27 In an effort to address these concerns, the San Antonio Heart Study developed measures of assimilation and upward mobility to assess SES in relation to overweight. 12 Differences in prevalence of overweight in relation to SES were assessed according to residence in a low-income`barrio', a transitional neighborhood, or a higher income suburb. These community-speci®c measures predicted overweight better than traditional measures of SES such as those used in our study.
It has been presumed that Hispanics will adopt the behavioral practices and values of the larger society and will therefore exhibit similar patterns of health and disease. In the current investigation, compared to the minor association with demographic and SES indicators in all three Hispanic groups, indicators of acculturation were more strongly associated with BMI but only among Mexican Americans. Previous studies of overweight and obesity in Hispanics have attempted to measure acculturation using measures of language 13 and multidimensional scales 6±9 with con¯icting results. However, the San Antonio Heart Study, 24 the present analysis, and others 28 suggest that when adequate measures are available, BMI is associated with acculturation in Mexican Americans even after controlling for demographic and socioeconomic variables which is not the case for Cuban Americans or Puerto Ricans. More importantly, the basic relationships of BMI with SES did not change with the addition of acculturation indicators, and no signi®cant interactions between SES and acculturation indicators were found. This provides evidence of the independent effects of culture and SES on BMI for US Hispanics.
Negy et al 7 has suggested that an important component of any measure of acculturation is the ability of the indicator to assess the continuous process of acculturation. The use of an interaction term between language preference and generation offers a fuller description of the acculturation process by incorporating a self assessment of integration into the new culture 29±31 with a measure of exposure to the culture 32 . One limitation of our examination of acculturation, SES, and BMI in three ethnic groups of US Hispanics was the limited sample of second or third generation Cuban Americans and Puerto Ricans. Speci®cally, the vast majority of Cuban Americans were ®rst generation residents. Lack of variability in duration of exposure to US culture for Cuban Americans did not permit a full description of the process of acculturation in this ethnic group compared to Mexican Americans or Puerto Ricans, but it did not permit description of cultural and functional integration (language preference) in ®rst generation residents.
Given that acculturation is a multidimensional phenomena, these analyses show that combinations of various components of the acculturation process have a differential impact on behaviors and characteristics such as body weight. It appears that adopting the language of a culture for speci®c generations has unique in¯uences on body weight in Mexican Americans.
Implications
Recent comparisons between NHANES III and HHANES indicate that the problem of obesity is increasing in Hispanics irrespective of acculturation. This trend is likely to continue given that public health efforts to curb the problem have not been very effective and that the initial response to acculturation is greater obesity (namely subsequent generations are fatter than the ®rst). Very high incomes are associated with less obesity but the economic prospects for the Hispanic population are not bright and it is unlikely that relationships with income will change in the near future. These factors as well as a continued in¯ux of migrants would be expected to maintain the present mix of acculturation and SES, along with continued increases in the prevalence of overweight and obesity. Finally, these analyses suggest that obesity is a problem in all socioeconomic sectors and that traditional education appears to have little or no effect; thus, public health messages and interventions dealing with weight should be broadly aimed at all groups.
